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METHOD OF MODIFYING A 
FLUOROPOLYMER AND ARTICLES 

THEREBY 

BACKGROUND 

Fluoropolymers are generally renowned for their chemi 
cal and physical inertness. Indeed, their excellent barrier 
properties and hydrophobic character are extensively 
exploited for applications such as moisture and noxious gas 
barriers, anti-corrosion and non-stick coatings. Examples of 
commonly used ?uoropolymers include polytetra?uoroeth 
ylene, polyvinylidene di?uoride, and copolymers of 
vinylidene di?uoride With tetra?uoroethylene and hexa?uo 
ropropylene. 

Multi-layer constructions containing ?uoropolymers 
enjoy Wide industrial application. Such constructions ?nd 
utility, for example, in fuel line hoses and related containers 
and hoses or gaskets in the chemical processing ?eld. 
Adhesion betWeen the layers of a multi-layered article may 
need to meet various performance standards depending on 
the use of the ?nished article. HoWever, in bonding appli 
cations betWeen a ?uoropolymer ?lm and a non-?uorinated 
polymer ?lm, the non-adhesive qualities of ?uoropolymers 
can make it difficult to obtain a strong laminated bond. 

Various approaches have been used to modify the surface 
of ?uoropolymer substrates, including harsh chemical treat 
ments such as alkali metal reduction (e.g., using alkali metal 
in liquid ammonia or sodium-naphthalene in glyme), and in 
the case of polyvinylidene di?uoride, using concentrated 
alkali metal hydroxide solutions in the presence of a phase 
transfer catalyst. Other approaches include radiation treat 
ments such as laser induced surface modi?cation, and pho 
toreduction of ?uoropolymer substrates. 

Each of the above processes has draWbacks. For example, 
alkali metal reduction requires maintenance of moisture-free 
conditions, the concentrated (8 N) alkali metal hydroxide 
process is relatively sloW, and radiation induced processes 
require a radiation source that may be costly (e.g., a laser), 
and/or may not be Well-suited to opaque substrates (e.g., 
photochemical reduction in the presence of electron donors). 

It Would be desirable to have neW methods for chemically 
modifying ?uoropolymers. It Would also be useful to have 
neW methods for chemically modifying surfaces of ?uo 
ropolymer substrates so that they can be bonded to non 
?uorinated polymeric substrates, particularly if such meth 
ods are easily and quickly carried out and result in strong 
laminated bonds. 

SUMMARY 

In one aspect, the present invention provides a method of 
modifying a ?uoropolymer comprising: 

contacting the ?uoropolymer With a modifying composi 
tion preparable from components comprising a phase trans 
fer catalyst, at least one of a sul?de or polysul?de salt or 
anionic conjugate acid thereof, and a liquid vehicle; and 

heating the modifying composition at a temperature of at 
least about 40 degrees Celsius While in contact With the 
?uoropolymer, Wherein the ?uoropolymer has a backbone 
comprising subunits having the structure —CH2CFX—, 
Wherein X represents H, Cl, or F. 

In another aspect, the present invention provides method 
of preparing a composite article comprising: 

providing a ?rst substrate having a surface comprising 
?uoropolymer; 
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2 
contacting the surface of the ?rst substrate With a modi 

fying composition preparable from components comprising 
a phase transfer catalyst, at least one of a sul?de or polysul 
?de salt or anionic conjugate acid thereof, and a liquid 
vehicle, Wherein the ?uoropolymer has a backbone com 
prising subunits having the structure —CH2CFX—, Wherein 
X represents H, Cl, or F; and 

bonding the ?rst substrate to a second substrate to provide 
a composite article, Wherein the method is carried out in the 
substantial absence of actinic radiation. 

In some embodiments, the ?uoropolymer backbone fur 
ther comprises monomeric units having at least one of the 
formulas —CF2CF2—, —CH2CH2—, —CF2CF(CF3)—, or 
—CH2CH(CH3)—. 

In yet another aspect, a ?rst substrate has a surface that 
comprises modi?ed ?uoropolymer according to the present 
invention. In some embodiments, the surface of the ?rst 
substrate may be bonded to a second substrate to form a 
composite article. 

These and other aspects of the invention Will be apparent 
from the detailed description beloW. In no event, hoWever, 
should the above summaries be construed as limitations on 
the claimed subject matter, Which subject matter is de?ned 
solely by the attached claims, as may be amended during 
prosecution. 
As used in this application: 
“?uoropolymer” means a polymer having ?uorine atoms 

on its backbone and a ?uorine content of at least 20 percent 
by Weight; 
“monomer” means a compound that can undergo poly 

meriZation thereby contributing constitutional units to the 
essential structure of a polymer; 
“monomeric unit” means the largest constitutional unit 

contributed by a single monomer molecule to the structure 
of a polymer; 

“polymer” means a chemical compound comprising at 
least ?ve monomeric units, Which monomeric units may be 
the same or different; 

“polymer backbone” means the longest chain of con 
nected monomeric units in a polymer; 

“soluble” means dissolvable in a chosen liquid vehicle at 
concentrations exceeding about 0.001 mole per liter at 25° 
C.; and 

“subunit” means a divalent group that is contained Within 
a polymer backbone. 

BRIEF DESCRIPTION OF THE DRAWING 

The draWing is a cross-sectional side vieW of an exem 
plary composite article according to the present invention. 

DETAILED DESCRIPTION 

Useful ?uoropolymers have a backbone comprising one 
or more subunits having the structure —CH2CFX—, 
Wherein X represents H, Cl, or F. The subunits may, or may 
not, correspond to monomeric units. 

Useful ?uoropolymers include, for example, polyvinyl 
?uoride, polyvinylidene ?uoride, and copolymers of vinyl 
?uoride, chlorotri?uoroethylene, and/or vinylidene ?uoride 
(i.e., VDF) With one or more ethylenically unsaturated 
monomers such as alkenes (e.g., ethylene, propylene, buty 
lene, and l-octene), chloroalkenes (e.g., vinyl chloride and 
tetrachloroethylene), chloro?uoroalkenes (e.g., chlorotrif 
luoroethylene, 3-chloropenta?uoropropene, dichlorodi?uo 
roethylene, and 1,1-dichloro?uoroethylene), ?uoroalkenes 
(e.g., tri?uoroethylene, tetra?uoroethylene (i.e., TFE), 1-hy 
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dropenta?uoropropene, 2-hydropenta?uoropropene, 
hexa?uoropropylene (i.e. HFP), and vinyl ?uoride), per?uo 
roalkoxy vinyl ethers (e.g., CF3OCF2CF2CF2OCF=CF2); 
per?uoroalkyl vinyl ethers (e.g., CF3OCF=CF2 and 
CF3CF2CF2OCF=CF2), per?uoro-1,3-dioxoles such as 
those described in US. Pat. No. 4,558,142 (Squire), ?uori 
nated diole?ns (e.g., per?uorodiallyl ether or per?uoro-1,3 
butadiene), and combinations thereof. 

Commercially available vinyl ?uoride ?uoropolymers 
include, for example, those marketed under the trade des 
ignation “TEDLAR” by E.I. du Pont de Nemours & Com 
pany, Wilmington, Del. 

Commercially available vinylidene ?uoride-containing 
?uoropolymers include, for example, those ?uoropolymers 
having the trade designation “THV” (e.g., “THV 200”, 
“THV 400”, “THVG”, “THV 610X”, or “THV 800”) as 
marketed by Dyneon, St. Paul, Minn.; “KYNAR” (e.g., 
“KYNAR 740”) as marketed by Ato?na, Philadelphia, Pa.; 
“HYLAR” (e.g., “HYLAR 700”) as marketed by Ausimont 
USA, MorristoWn, N.J.; and “FLUOREL” (e.g., “FLUO 
REL FC-2178”) as marketed by Dyneon. 

The ?uoropolymer may be melt-processable, for example, 
as in the case of polyvinylidene di?uoride; copolymers of 
tetra?uoroethylene, hexa?uoropropylene, and vinylidene 
?uoride (e.g., those marketed by Dyneon LLC under the 
trade designation “THV”); copolymers of tetra?uoroethyl 
ene and hexa?uoropropylene; and other melt-processable 
?uoroplastics; or the ?uoropolymer may not be melt-pro 
cessable, for example, as in the case of polytetra?uoroeth 
ylene, copolymers of TFE and loW levels of ?uorinated vinyl 
ethers), and cured ?uoroelastomers. 

One useful ?uoropolymer includes monomeric units 
derived from at least TFE and VDF in Which the amount of 
VDF is at least 0.1, 3, or 10 percent by Weight, but less than 
15 or 20 percent by Weight, With the remainder being TFE 
derived monomeric units. 

Useful ?uoropolymers include those copolymers having 
HFP and VDF monomeric units, for example, those copoly 
mers in Which the amount of VDF monomeric units is at 
least 0.1, 3, or 10 percent by Weight, but less than 15 or 20 
percent by Weight, With the remainder of the polymer Weight 
being HFP monomeric units. 

Useful ?uoropolymers also include copolymers of HFP, 
TFE, and VDF (i.e., THV). These polymers may have, for 
example, VDF monomeric units in a range of from at least 
about 2, 10, or 20 percent by Weight up to 30, 40, or even 
50 percent by Weight, and HFP monomeric units in a range 
of from at least about 5, 10, or 15 percent by Weight up to 
about 20, 25, or even 30 percent by Weight, With the 
remainder of the Weight of the polymer being TFE mono 
meric units. Examples of commercially available THV poly 
mers include those marketed by Dyneon, LLC under the 
trade designations “DYNEON THV 2030G FLUORO 
THERMOPLASTIC”, “DYNEON THV 220 FLUORO 
THERMOPLASTIC”, “DYNEON THV 340C FLUORO 
THERMOPLASTIC”, “DYNEON THV 415 
FLUOROTHERMOPLASTIC”, “DYNEON THV 500A 
FLUOROTHERMOPLASTIC”, “DYNEON THV 610G 
FLUOROTHERMOPLASTIC”, or “DYNEON THV 810G 
FLUOROTHERMOPLASTIC”. 

Useful ?uoropolymers also include copolymers of ethyl 
ene, TFE, and HFP. These polymers may have, for example, 
ethylene monomeric units in a range of from at least about 
2, 10, or 20 percent by Weight up to 30, 40, or even 50 
percent by Weight, and HFP monomeric units in a range of 
from at least about 5, 10, or 15 percent by Weight up to about 
20, 25, or even 30 percent by Weight, With the remainder of 
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4 
the Weight of the polymer being TFE monomeric units. Such 
polymers are marketed, for example, under the trade desig 
nation “DYNEON FLUOROTHERMOPLASTIC HTE” 
(e.g., “DYNEON FLUOROTHERMOPLASTIC HTE X 
1510” or “DYNEON FLUOROTHERMOPLASTIC HTE X 

1705”) by Dyneon LLC. 
Useful ?uoropolymers also include copolymers of tet 

ra?uoroethylene and propylene (TFE/P). These copolymers 
may have, for example, TFE monomeric units in a range of 
from at least about 20, 30 or 40 percent by Weight up to 
about 50, 65, or even 80 percent by Weight, With the 
remainder of the Weight of the polymer being propylene 
monomeric units. Such polymers are commercially avail 
able, for example, under the trade designations “AFLAS” 
(e.g., “AFLAS TFE ELASTOMER FA 100H”, “AFLAS 
TFE ELASTOMER FA 150C”, “AFLAS TFE ELAS 
TOMER FA 150L”, or “AFLAS TFE ELASTOMER FA 
150P”) as marketed by Dyneon, LLC, or “VITON” (e.g., 
“VITON VTR-7480” or “VITON VTR-7512”) as marketed 
by El. du Pont de Nemours & Company, Wilmington, Del. 

Useful ?uoropolymers also include copolymers of ethyl 
ene and TFE (i.e., “ETFE”). These copolymers may have, 
for example, TFE monomeric units in a range of from at 
least about 20, 30 or 40 percent by Weight up to about 50, 
65, or even 80 percent by Weight, With the remainder of the 
Weight of the polymer being propylene monomeric units. 
Such polymers may be obtained commercially, for example, 
as marketed under the trade designations “DYNEON 
FLUOROTHERMOPLASTIC ET 6210 ”, “DYNEON 
FLUOROTHERMOPLASTIC ET 6235”, or “DYNEON 
FLUOROTHERMOPLASTIC ET 6240]” by Dyneon LLC. 

VDF-containing ?uoropolymers can be prepared using 
emulsion polymeriZation techniques as described, for 
example, in US. Pat. No. 4,338,237 (SulZbach et al.) or US. 
Pat. No. 5,285,002 (Grootaert), the disclosures of Which are 
incorporated herein by reference. 
The ?uoropolymer may have any form. For example, the 

?uoropolymer may comprise a solution or dispersion, or it 
may have a solid form such as, for example, a block, ?lm 
(e.g., including sheets, Webs, and tapes), or a molded article. 
In the case of solid forms, methods according to the present 
invention are useful for modifying one or more surfaces of 
the solid form (e.g., one or more major surfaces of a ?lm), 
While in the case of emulsions or solutions, methods of the 
present invention are useful for modifying the bulk polymer. 

The ?uoropolymer is modi?ed by contacting it With a 
modifying composition that comprises and/or is preparable 
from a phase transfer catalyst, at least one of a sul?de or 
polysul?de salt or an anionic conjugate acid thereof, and 
heating the contacted combination at a temperature at or 
above ambient temperature (e.g., 23° C.). Typically, heating 
at a temperature of at least 400 C. results in useful rates of 
modi?cation, With even more rapid rates resulting at higher 
temperatures such as, for example, at least 60° C. or even at 
least 80° C. The duration of heating may be for as little as 
at least 1, 15, 30 or 60 seconds up to and including 120 or 
even 300 seconds, although longer and shorter durations 
may also be useful depending on speci?c conditions and the 
degree of modi?cation sought. Heating may be provided by 
ambient conditions or conventional means such as, for 
example, ovens (e.g., convection or forced air), radiant 
heaters, hot plates, microWave heaters, heated vessels, 
heated rollers, and combinations thereof. 

Advantageously, methods according to the present inven 
tion do not require light in order to be effective, Which makes 
them useful in applications Where it is difficult to use light 
(e.g., closed metal reaction vessels) or Where exposure to 
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light is undesirable (e.g., light degradable materials). Thus, 
methods according to the present invention may be carried 
out in the substantial absence of actinic radiation (i.e., in the 
absence of actinic radiation other than that adventitious 
actinic radiation caused by ambient lighting conditions such 
as, for example, sunlight, candles, lamps, lanterns, and/or 
incandescent or ?uorescent room lighting). As used herein 
“actinic radiation” means light having a Wavelength of from 
at least 200 nanometers up to and including 400 nanometers. 

Useful phase transfer catalysts include, for example, 
organosulfonium salts (e.g., triarylsulfonium salts such as 
triphenylsulfonium chloride, trichlorophenylsufonium bro 
mide, tritolylsulfonium chloride, and diphenyl-(4-thiophe 
nyl)phenylsulfonium hexa?uorophosphate; trialkylsulfo 
nium salts such as tributylsulfonium chloride, 
ethyldibutylsulfonium bromide; mixed alkylarylsulfonium 
salts such as methyldiphenylsulfonium p-toluenesulfonate, 
ethyloctylphenylsulfonium chloride, butyldiphenylsulfo 
nium hexa?uorophosphate; and combinations and substi 
tuted derivatives of the foregoing); organoarsonium salts 
(e.g., tetraarylarsonium salts such as tetraphenylarsonium 
chloride and tetratolylarsonium bromide; tetraalkylarsonium 
salts such as tetramethylarsonium iodide, octyltrimethylar 
sonium bromide, and tetraethylarsonium chloride; mixed 
alkylarylarsonium salts such as butyltriphenylarsonium 
iodide; and combinations and substituted derivatives of the 
foregoing); organoantimonium salts (e.g., tetraarylantimo 
nium salts such as tetraphenylantimonium chloride and 
tritolylantimonium chloride; tetraalkylantimonium salts 
such as tetramethylantimonium iodide, octyltrimethylanti 
monium bromide, and tetraethylantimonium chloride; 
mixed alkylarylantimonium salts such as butyldiphenylan 
timonium iodide; and combinations and substituted deriva 
tives of the foregoing); organoiodonium salts (e.g., dirayli 
odonium salts such as diphenyliodonium chloride, 
diphenyliodonium hexa?uoroantimonate, and ditolyliodo 
nium chloride); organophosphonium salts (e.g., quaternary 
phosphonium salts such as tetraalkylphosphonium salts, 
aralkyltriarylphosphonium salts, and aryltrialkylphospho 
nium salts); organoammonium salts (e.g., quaternary ammo 
nium salts such as tetraalkylammonium salts, aralkyltriary 
lammonium salts, and aryltrialkylammonium salts); croWn 
ethers; and combinations of thereof. 

Further details concerning phase transfer catalysts may be 
found in, for example, US. Pat. No. 4,233,421 (Worm), US. 
Pat. No. 4,912,171 (Grootaert et al.), US. Pat. No. 5,086, 
123 (Guenthner et al.) and US. Pat. No. 5,262,490 (Kolb et 
al.). 

Phosphonium and ammonium salt phase transfer catalysts 
are typically relatively inexpensive and easily obtained, and 
therefore are typically Well-suited for use in practice of the 
present invention. Useful tetraalkylphosphonium or tet 
raalkylammonium salts may have as feW as 4 carbon atoms, 
up to at least 16, 20, 24 carbon atoms or even more. 

Quaternary ammonium salts and quaternary phosphonium 
salts may have any suitable anionic counterion that permits 
at least partial solubility of the salt in the liquid vehicle. 
Examples of suitable counterions include halides (e.g., ?uo 
ride, chloride, bromide, iodide), nitrate, bisulfate, sulfate, 
carbonate, bicarbonate, phosphate, alkylphosphonate, mesy 
late, tosylate, and combinations thereof. 

Examples of useful commercially available quaternary 
ammonium salts include methyltributylammonium chloride, 
methyltricaprylylammonium chloride, tetrabutylammonium 
bromide, tetrabutylammonium hydrogen sulfate, tetraethy 
lammonium bromide, tetraethylammonium hydroxide, tet 
ramethylammonium chloride, tetramethylammonium 
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6 
iodide, tributylethylammonium bromide, tributylmethylam 
monium chloride, triethylbutylammonium bromide, benZyl 
tributylammonium chloride, benZyltriethylammonium chlo 
ride, benZyltrimethylammonium chloride, 
phenyltrimethylammonium chloride, tetraoctylammonium 
chloride, triphenylbenZylammonium bromide, triphenylben 
Zylammonium acetate, triphenylbenZylammonium ben 
Zoate, triphenylisobutylammonium bromide, trioctyl-n-bu 
tylammonium chloride, trioctylbenZylammonium chloride, 
trioctylbenZylammonium acetate, triphenyl-2,4-dichlo 
robenZylammonium chloride, trioctylmethoxyethoxyethy 
lammonium chloride, triphenylethoxycarbonylmethy 
lammonium chloride, triphenylallylammonium chloride, 
and 1-butylpyridinium chloride. 
Examples of useful commercially available quaternary 

ammonium salts include benZyltriphenylphosphonium chlo 
ride, butyltriphenylphosphonium bromide, ethyltriph 
enylphosphonium bromide, ethyltriphenylphosphonium 
chloride, ethyltriphenylphosphonium iodide, methyltriph 
enylphosphonium bromide, methyltriphenylphosphonium 
chloride, methyltriphenylphosphonium iodide, tetrabu 
tylphosphonium bromide, tetraphenylphosphonium bro 
mide, tetraoctylphosphonium chloride, triphenylben 
Zylphosphonium bromide, triphenylbenZylphosphonium 
acetate, triphenylbenZylphosphonium benZoate, triphenyl 
isobutylphosphonium bromide, trioctyl-n-butylphospho 
nium chloride, trioctylbenZylphosphonium chloride, trio 
ctylbenZylphosphonium acetate, triphenyl-2,4 
dichlorobenZylphosphonium chloride, 
trioctylmethoxyethoxyethylphosphonium chloride, triph 
enylethoxycarbonylmethylphosphonium chloride, and triph 
enylallylphosphonium chloride. 

Useful croWn ethers include macrocyclic polyethers com 
prising ethylene oxide units Which can coordinate to a 
centrally located metal atom via the oxygen atoms of the 
ethers such as, for example, 18-croWn-6 ether, 15-croWn-5 
ether, dicyclohexyl-18-croWn-6 ether, and dibenZo-18 
croWn-6 ether, 12-croWn-4 ether, 21-croWn-7 ether, benZo 
15-croWn-5 ether, Which may be readily obtained from 
commercial sources. 

Typical concentrations of phase transfer catalysts in the 
modifying composition are in a range of from at least 0.001 
up to 0.1 mole per liter, although other amounts may also be 
used. 

Useful sul?de and polysul?de salts include those salts that 
have at least partial solubility in at least one liquid vehicle, 
and include, for example, salts comprising at least one 
sul?de or polysul?de (e.g., disul?de, trisul?de, or tetrasul 
?de) anion, or an anionic conjugate acid of sul?de or 
polysul?de (e.g., bisul?de), or a combination thereot in 
combination With at least one cationic counterion. Useful 
cationic counterions include, for example, alkali metal ions 
(e.g., Na”, K", Li", Cs”), alkaline earth ions (e.g., Mg2+, 
Ca2+), NH4+, quaternary ammonium (e.g., tetraalkylammo 
nium, aryltrialkylammonium, aralkyltrialkylammonium, tet 
raaryl ammonium) ions, and quaternary phosphonium (e.g., 
tetraalkylphosphonium, aryltrialkylphosphonium, aralkyl 
trialkylphosphonium, tetraarylphosphonium) ions, and com 
binations thereof. Typical concentrations of sul?de or 
polysul?de salt in the modifying composition are in a range 
of from at least 0.001 up to 0.1 mole per liter, although other 
amounts may also be used. 

Sul?de ions may be provided by various precursors that 
form sul?de in the presence of Water (e.g., in the presence 
of a base catalyst). Examples of such precursors include 
thioacids, thioureas, and thioketones. 
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In one useful embodiment, a sul?de or polysul?de anion, 
or anionic conjugate acid thereof may be paired With a cation 
of at least one of the phase transfer catalyst described above 
to form a salt. Such salts may simultaneously serve as a 
sul?de or polysul?de salts (or an anionic conjugate acid 
thereof) and a phase transfer catalyst. 

Typically, the liquid vehicle should be chosen such that it 
does not dissolve or signi?cantly sWell the polymeric sub 
strate, but is at least partially effective to dissolve the phase 
transfer catalyst and sul?de salt, polysul?de salt, or anionic 
conjugate acid thereof. The liquid vehicle may comprise 
Water, organic solvent (e.g., alcohols such as methanol, 
ethanol, isopropanol; ketones and ketoalcohols such as 
acetone, methyl ethyl ketone, diacetone alcohol; esters such 
as ethyl acetate and ethyl lactate; polyhydric alcohols such 
as ethylene glycol, diethylene glycol, triethylene glycol, 
propylene glycol, butylene glycol, 1,4-butanediol, 1,2,4 
butanetriol, 1,5-pentanediol, 1,2,6-hexanetriol, hexylene 
glycol, glycerol, glycerol ethoxylate, and trimethylopropane 
ethoxylate; loWer alkyl ethers, such as ethylene glycol 
monomethyl or monoethyl ether, diethylene glycol methyl 
or ethyl ether, and triethylene glycol monomethyl and mono 
ethyl ether; and combinations thereof), or a combination 
thereof. 

The modifying composition may include optional addi 
tives such as, for example, thixotropes, thickeners, gelation 
agents, latex particles, ?bers, inorganic particles, an emul 
si?able phase, Woven or nonWoven materials, and/or nucleo 
philes (i.e., species that have a preferential attraction to 
regions of loW electron density) that may become grafted to 
the ?uoropolymer. Exemplary nucleophiles include Water, 
hydroxide, alcohols, alkoxides, cyanide, cyanate, halide 
(e.g., chloride, bromide, iodide). 

Typically, the modifying composition may be prepared by 
combining (e.g., With mixing) the phase transfer catalyst, 
sul?de or polysul?de salt or an anionic conjugate acid 
thereof, liquid vehicle, and optional additives. In some 
cases, heating may be useful to facilitate dissolving one or 
more of the components in the liquid vehicle. 

Varying degrees of surface modi?cation may be obtained, 
for example, by varying the length of time that the modi 
fying composition and the ?uoropolymer are in contact 
and/or by varying the temperature of the process. The degree 
of surface modi?cation may be determined by various Well 
knoWn surface analysis techniques including, but not limited 
to, Attenuated Total internal Re?ectance Infrared Spectros 
copy (ATR IR) and Electron Scattering for Chemical Analy 
sis (ESCA), as Well as contact angle measurements. 

Once the ?uoropolymer is modi?ed, Whether in the bulk 
phase, or at a surface of a solid ?uoropolymer substrate (e.g., 
a ?lm or block), it may be bonded to a second substrate. 
Such bonding may be accomplished, for example, using glue 
or adhesive (e.g., pressure-sensitive, thermosetting, hot 
melt) and/or by laminating under pressure and/or With 
heating using conventional methods, and resulting in a 
composite article as shoWn in the draWing, Wherein com 
posite article 100 comprises a ?uoropolymer substrate 120 
having a modi?ed surface 160, Which contacts optional 
adhesive layer 150 and surface 140 of second substrate 130. 

Suitable heat sources for bonding include, for example, 
ovens, heated rollers, heated presses, infrared radiation 
sources, ?ame, and the like. Suitable pressure for bonding 
may be provided by, for example, presses, nip rollers, and 
the like. The necessary amounts of heat and pressure Will 
depend on the speci?c materials to be bonded, and is 
typically easily determined by empirical methods. 
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8 
The second substrate may comprise, for example, a poly 

mer (e.g., as a ?lm or block), metal, glass, or other material. 
If the second substrate is a polymer ?lm such as a ?uo 
ropolymer or a non-?uorinated polymer, it may be the same 
as, or different from, the ?uoropolymer substrate. The sec 
ond substrate may have polar groups on its surface that aid 
in forming a strong adhesive bond. Polar groups may be 
introduced by knoWn techniques including, for example, 
corona treatment. 

Exemplary polymer ?lms that may be used as a second 
substrate include ?lms comprising thermoplastic polymers 
such as polyamides(e.g., nylon-6, nylon-6,6, nylon-11, and 
nylon-12), polyole?ns (e.g., polyethylene, polypropylene), 
copolymers of ole?ns With ethylenically unsaturated mono 
mers (e.g., ethylene vinyl acetate, anhydride modi?ed poly 
ethylene polymers, anhydride modi?ed polypropylene poly 
mers), polyethers, polyurethanes, polyesters, polyimides, 
polystyrene, polycarbonates, polyketones, polyureas, acryl 
ics, and combinations thereof; elastomers such as acryloni 
trile butadiene rubber, butadiene rubber, chlorinated or chlo 
rosulfonated polyethylene, chloroprene, ethylene-propylene 
monomer rubber, ethylene-propylene-diene monomer rub 
ber, epichlorohydrin rubber, polyisobutylene, polyisoprene, 
polyurethane, silicone rubber, styrene-butadiene rubber, eth 
ylene-acrylate copolymer rubber, ethylene-vinyl acetate rub 
ber, and combinations thereof; and combinations thereof. 

The polymer ?lm may comprise one or more additives 
such as, for example, ?llers, plasticiZers, antioxidants, or 
light stabiliZers. 

Objects and advantages of this invention are further 
illustrated by the folloWing non-limiting examples, but the 
particular materials and amounts thereof recited in these 
examples, as Well as other conditions and details, should not 
be construed to unduly limit this invention. 

EXAMPLES 

Unless otherWise noted, all reagents used in the examples 
Were obtained, or are available, from general chemical 
suppliers such as Sigma-Aldrich Corporation, Saint Louis, 
M0. or may be synthesiZed by conventional methods. 
The folloWing examples and tests Were carried out under 

ambient conditions (21—25° C.) unless otherWise speci?ed. 
In the Examples: 
“Me” means methyl; “Bu” means n-butyl; “Pentyl” means 

n-pentyl; “Hexyl” means n-hexyl; and “Octyl” means n-oc 
tyl; 

“g” means grams, and “mL” means milliliters; 
“NM” in the tables means “not measured”; 
“NA” in the Tables means “not applicable”; 
“FPl” refers to a 16—20 mils (0.41—0.51 mm) thick 

extruded ?lm of a copolymer of 60.0 percent by Weight of 
TFE, 18.0 percent by Weight HFP, and 22.0 percent by 
Weight of VDF, Tm=165° C.; prepared generally according 
to the procedure of US. Pat. No. 6,242,548 (Duchesne et 
al.). 
“FP2” refers to a 16—20 mils (0.41—0.51 mm) thick 

extruded ?lm of a copolymer of 73.0 percent by Weight TFE, 
11.5 percent by Weight HFP, 11.5 percent by Weight VDF, 
and 4.0 percent by Weight of per?uoropropyl vinyl ether, 
Tm=222° C., MFI=4.8; prepared generally according to the 
procedure of US. Pat. No. 6,242,548 (Duchesne et al.); 

“FP3” refers to a 16—20 mils (0.41—0.51 mm) thick ?lm 
of polyvinylidene di?uoride obtained by hot pressing PVDF 
resin obtained under the trade designation “SOLEF 1010” 
from Solvay, S. A., Brussels, Belgium under the trade 
designation “KYNAR 761”; 
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“FP4” refers to a 16—20 mils (0.41—0.51 mm) thick 
extruded ?lm of a copolymer of ethylene, TFE, and HFP 
obtained under the trade designation “DYNEON FLUORO 
THERMOPLASTIC HTE” from Dyneon, LLC; 

“FP5” refers to a 3 mils (0.08 mm) thick extruded ?lm of 
polyvinyl ?uoride obtained under the trade designation 
“TEDLAR” from El. du Pont de Nemours & Company; 

“P1” refers to a 16—20 mils (0.41—0.51 mm) thick hot 
pressed ?lm of nylon-12 having a Vicat softening point of 
140° C. obtained under the trade designation “VESTAMID 
L2140”, commercially available from Creanova (Somerset, 
N.J.); 

“P2” refers to a 16—20 mils (0.41—0.51 mm) thick hot 
pressed ?lm of an acid modi?ed ethylene-vinyl acetate 
copolymer having the trade designation “BYNEL 3101” 
obtained from E. I. du Pont de Nemours and Co.; 
“ADH1” refers to a bisphenol A epoxy resin obtained 

under the trade designation “EPON 828” from Resolution 
Performance Products, Houston, Tex.; 
“ADH2” refers to a cycloaliphatic epoxy resin obtained 

under the trade designation “ERL 4221” from DoW Chemi 
cal Company, Midland, Mich.; 
“ADH3” refers to a novolac epoxy resin obtained under 

the trade designation “DEN 431” from DoW Chemical 
Company; 
“ADH4” refers to an ethylene acrylic acid resin obtained 

under the trade designation “THERMO-BOND FILM 406” 
from 3M Company; 
“ADH5” refers to an ethylene acrylic acid resin obtained 

under the trade designation “THERMO-BOND FILM 557” 
from 3M Company; 
“ADH6” refers to a polyester resin obtained under the 

trade designation “THERMO-BOND FILM 615” from 3M 
Company; 
“ADH7” refers to a polyester resin obtained under the 

trade designation “THERMO-BOND FILM 668” from 3M 
Company; 
“ADH8” refers to a polyole?n resin obtained under the 

trade designation “THERMO-BOND FILM 845” from 3M 
Company; and 
“ADH9” refers to an acrylic pressure-sensitive adhesive 

obtained under the trade designation “3M ADHESIVE 
TRANSFER TAPE 300” from 3M Company; 
“PTC1” refers to methyltrialkyl(C8—C10)ammonium 

chloride obtained under the trade designation “ADOGEN 
464” from Sigma-Aldrich Corporation. 

Preparation of Sodium Disul?de 
Sodium disul?de used in the examples Was prepared 

according to the folloWing procedure: Into a ?ask Was 
placed sodium sul?de nonahydrate crystal (24.0 g, 0.1 mole) 
and sulfur (3.2 g, 0.1 mole), the mixture Was heated by a 
steam bath until the sulfur Was completely dissolved. The 
reaction product Was cooled to room temperature to give 
sodium disul?de as orange crystals. 

ESCA Analysis 
The instrument used in the analysis Was a tWin-analyZer 

ESCA apparatus With an un-monochromatiZed Al source; 
photoemission Was detected at a scattering angle of 45 
degrees With respect to the surface normal, unless otherWise 
speci?ed. 

T-Peel Test 

Peel strength betWeen the layers Was measured in gener 
ally in accordance With D1876-01 (2001) “Standard Test 
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10 
Method for Peel Resistance of Adhesives (T-Peel Test)”. 
Samples Were cut into strips 25.4 mm Wide by about 2 to 2.5 
inches (5 to 6.3 cm) long. 
A Model 1125 tester (available from Instron Corporation, 

Canton, Mass.) at 100 mm/minute crosshead speed Was used 
as the test device. As the layers Were separated, the average 
peel strength of the middle 80 percent of the sample Was 
measured. The values from the ?rst 10 percent and the last 
10 percent distance of the crosshead travel Were omitted. 
When the samples broke Within the material Without sepa 
rating the layers at the bonding interface, the peak value Was 
used instead of the average number. Reported peel strengths, 
calculated as the average load measured during each peel 
test and reported in NeWtons/meter (N/m) of sample Width, 
represent an average of at least tWo measurements obtained 
from identical samples. 

Reference Example 1 

TWo glass thermometers (red alcohol, and mercury types), 
not transparent to 254 nanometer radiation, Were placed for 
10 minutes at a distance of 2 inches (5 centimeters) under a 
?at bank of six G15T8 germicidal bulbs (an ultraviolet 
radiation source With maximum intensity at a Wavelength of 
254 nanometers) spaced on 2 inch (5 cm) centers obtained 
from General Electric Company, Schenectady, NY. The 
temperature rose from an initial temperature of 23° C. and 
leveled off at a ?nal temperature of 29° C. 

Comparative Example 1 

Bu4PBr (1.0 g) and 3.0 g potassium hydroxide (KOH) 
Were added to 60 ml Water and stirred for 20 minutes at room 
temperature. Apiece of FP1 (2.0 inches by 1.0 inch (5.1 cm 
by 2.5 cm)) Was submerged in the solution for 5 minutes at 
25° C. The treated ?uoropolymer ?lm Was then removed, 
Washed repeatedly in Water (6><100 mL) by stirring the Water 
With the ?lm, Washed tWice With isopropanol and dried. The 
sample Was then analyZed by ESCA to determine the chemi 
cal modifying composition of the treated surface. The results 
of the ESCA analysis are reported in Table 1. 

Comparative Example 2 

The procedure of Comparative Example 1 Was repeated, 
except that the temperature of the treatment soluition Was 
held at 80° C. for 5 minutes While in contact With the 
?uoropolymer ?lm. The treated surface of the ?lm Was 
analyZed by ESCA, and the results are reported in Table 1. 
The treated ?uoropolymer ?lm Was placed in a screW cap 

vial containing 30 mL of 0.5 molar bromine in carbon 
tetrachloride and Was held at 25 ° C. for 20 minutes. The ?lm 
coupon Was removed from the bromine solution, Washed 
With carbon tetrachloride folloWed by dichloromethane, and 
dried. The treated surface of the ?lm Was analyZed by 
ESCA, and the results are shoWn in Table 1. 

Example 1 

Bu4PBr (1.0 g) and 3.0 g sodium sul?de (NaZS) Were 
added to 60 ml Water and stirred for 20 minutes at room 
temperature. A ?lm of ?uoropolymer (FP1) Was submerged 
in the solution for 5 minutes at 25° C. The treated ?uo 
ropolymer ?lm Was then removed and processed in the same 
manner as described in Comparative Example 1. The treated 
surface of the ?lm Was analyZed by ESCA, and the results 
are reported in Table 1. 
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Example 2 
TABLE 1-continued 

The procedure of Example 1 Was repeated, except that the ESCA Analysis 
' 0 

temperature of the treatment solution Was held at 80 C. for 5 Example % C % O % N % F % P % S % Br 
5 mmutes during contact with the ?uoropolymer ?lm. The 
treated surface of the ?lm Was analyZed by ESCA and the ??ilgrlgijated) 609 12'8 él'o 20's O 3'8 0 

results are reported in Table 1. Example 2 60.9 12.8 0 20.5 0 3.8 1.4 

_ _ (brominated) 
The treated ?uoropolymer ?lm Was brommated using the 10 

procedure of Comparative Example 2. The treated surface of 
the ?lm Was analyzed by ESCA, and the results are shoWn Examples 3—22 and COIIIPaIaIiVfI Examples 4—7 
in Table 1. _ _ _ 

Pieces (2.0 inches by 1.0 inch (5.1 cm by 2.5 cm)) of 
C _ E 1 3 15 ?uoropolymer ?lm (i.e., FP1 or FP2) Were treated according 
Omparanve Xamp e to the procedure of Example 1, except that the modifying 

composition, temperature, and duration of treatment Were 
Comparative Example 3 Was an untreated piece of FP1 Varied as reported in Table H~ 

?lm (20 inches by 10 inch (51 Cm by 25 The treated' piece of ?uoropolymer ?lm Was laminated to 
20 a piece (2.0 inches by 1.0 inch (5.1 cm by 2.5 cm) of a 

TABLE 1 second polymer ?lm (i.e., P1 or P2) using the following 
general procedure: The ?uoropolymer ?lm Was superim 

ESCA AndlvsiS posed on the second polymer ?lm, and a strip of polytet 
E 1 (7 C (7 O (7 N (7 F (7 P (7 S (7 B ra?uoroethylene-coated ?ber sheet Was inserted about 0.6 
Xamp e 0 0 0 0 0 0 0 r 25 cm along one short edge betWeen the ?uoropolymer ?lm to 

Comparative 38 0 0 62 0 0 0 be tested and the second polymer ?lm to provide a non 
Exam?’1e < < bonded edge to aid in the T-Peel Test. The resultant super 
gigrll’glrgtge 53'7 7'9 71'2 37'1 707 O O imposed ?lm assembly Was then laminated together by 
(unbrominated) heating the sheets under 150 psi (1.03 MPa) pressure at 200° 
Comparative 50.8 13.0 $1.2 33 $0.7 0 1.5 30 C. for 2 minutes betWeen heated platens of a heated hydrau 
ExamPle 2 lic press. The resultant hot laminated assembly Was then 
(brommated) immediatel cooled b lacin it in intimate contact With a Comparative 38 0 0 62 0 0 0 y y p g 0 
Example 3 Water-cooled metal platen (13—15 C.). The sample Was then 
Example 1 46 3.9 $1.0 48 0 1.2 0 gradually Warmed to room temperature and the laminated 

assembly Was tested according to the T-Peel Test. 

TABLE 2 

Modifying Phase 
Composition, Transfer 
Component Catalyst Temperature, Duration, T-Peel Test, N/m 

Example (amount) (amount) ° C. seconds Fluoropolymer P1 P2 

Comparative KOH (3 g), Bu4PBr 25 300 FP1 650 35 
Example 4 H20 (60 mL) (1 g) 
Comparative KOH (3 g), Bu4PBr 60 60 FP1 3154 173 
Example 5 H20 (60 mL) (1 g) 
Comparative KOH (3 g), Pentyl4NBr 25 120 FP1 228 51 
Example 6 H20 (60 mL) (1 g) 
Comparative KOH (3 g), Pentyl4NBr 60 30 FP1 NM 244 
Example 7 H20 (60 mL) (1 g) 
3 KOH (3 g), Bu4PBr 25 300 FP1 >3330 71 

N325 (0-7 g), (1 8) 
H20 (60 mL) 

4 KOH (3 g), Bu4PBr 60 60 FP1 >3330 752 
N325 (0-7 g), (1 8) 
H20 (60 mL) 

5 KOH (3 g), Bu4NCl 25 300 FP1 >3330 87 
N325 (0-7 g), (1 8) 
H20 (60 mL) 

6 KOH (3 g), Bu4NCl 60 60 FP1 >3330 524 

N325 (0-7 g), (1 8) 
H20 (60 mL) 

7 KOH (3 g), Pentyl4NCl 25 300 FP1 >3330 2100 

N325 (0-7 g), (1 8) 
H20 (60 mL) 

8 KOH (3 g), Pentyl4NCl 25 30 FP1 >3330 NM 

N325 (0-7 g), (1 8) 
H20 (60 mL) 
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TABLE 2-continued 

Modifying Phase 
Composition, Transfer 
Component Catalyst Temperature, Duration, T-Peel Testz Nfm 

Example (amount) (amount) ° C. seconds Fluoropolymer P1 P2 

9 KOH (3 8), Pentyl4NCl 25 5 FP1 1067 NM 
N325 (0-7 8), (1 8) 
H20 (60 mL) 

10 KOH (3 8), Pentyl4NCl 60 5 FP1 >3330 1260 
N325 (0-7 8), (1 8) 
H20 (60 mL) 

11 KOH (3 8), Pentyl4NCl 60 30 FP1 >3330 1490 
N325 (0-7 8), (1 8) 
H20 (60 mL) 

12 KOH (3 8), Pentyl4NCl 60 60 FP2 >3330 402 
N325 (0-7 8), (1 8) 
H20 (60 mL) 

13 KOH (3 8), Hexyl4NCl 60 60 FP1 >3330 2100 
N325 (0-7 8), (1 8) 
H20 (60 mL) 

14 KOH (3 8), Hexyl4NCl 60 60 FP2 >3330 1280 
N325 (0-7 8), (1 8) 
H20 (60 mL) 

15 KOH (3 8), Hexyl4NBr 60 60 FP1 >3330 2280 
N325 (0-7 8), (1 8) 
H20 (60 mL) 

16 KOH (3 8), Hexyl4NBr 60 60 FP2 >3330 1000 
N325 (0-7 8), (1 8) 
H20 (60 mL) 

17 KOH (3 8), Octyl4NF 60 60 FP1 >3330 >3330 
N325 (0-7 8), (1 8) 
H20 (60 mL) 

18 KOH (3 8), Octyl4NF 60 60 FP2 2976 1840 
N325 (0-7 8), (1 8) 
H20 (60 mL) 

19 KOH (3 8), Me4NOH 25 300 FP1 701 35 
N325 (0-7 8), (1 8) 
H20 (60 mL) 

20 KOH (3 8), Me4NOH 60 60 FP1 1260 35 
N325 (0-7 8), (1 8) 
H20 (60 mL) 

21 KOH (3 8), Me4NOH 25 300 FP2 228 35 
N325 (0-7 8), (1 8) 
H20 (60 mL) 

22 KOH (3 8), Me4NOH 60 60 FP2 173 35 
N325 (0-7 8), (1 8) 
H20 (60 mL) 

Examples 23—28 and Comparative Example 8 45 
TABLE 3-continued 

Samples of FPl Were exposed to various modifying Modifying Phase ESCAAnalYSiS, 
solutions and phase transfer catalysts in amounts as reported Composition, Transfer 15 degree scattering angle 
in Table 3 accordin to the eneral rocedure of Com ara 

_ g g p p Component Catalyst % % % 
tive Example 1, and then analyzed by ESCA. Results are 50 EXAMPLE (amount) (amount) C O N % S % F 
reported in Table 3 (beloW). 

26 Na2S (4 8), Hexyl4NBr 63 7.8 1.9 6.3 21 
H20 (60 mL) (1 g) 

TABLE 3 27 Na2S (4 g) Octyl4NF 62 6.6 1.7 4.5 25 
H20 (60 mL) (1 g) 

Modifying Phase ESCA Analysis, 55 
Composition, Transfer 15 degree scattering angle 

Component Catalyst % % % Examples 28_45 
EXAMPLE (amount) (amount) C O N % S % F 

Comparative KOH (12 g), none 45 4.3 2.1 0 49 60 Strips (7.6 cm><1.3 cm) of FPl and FPZ Were each 
Example 8 H20 (60 mL) modi?ed by treating them With a modifying composition 
23 Nazs (4 59> Me4NOH> 47 5-7 2'4 0'9 44 consisting of 3.0 g of KOH, 0.7 g of Na S, 1.0 g of Bu PBr, 

H o (60 mL) (1 ) 2 - 4 2 g and 60 ml Water (60° C., 120 seconds). Adhesion of surface 
24 Na2S (4 g), Bu4PBr 56 8.2 1.6 4.5 29 . . . 

H O (60 mL) (1 modi?ed FPl and FPZ ?lms Were measured using tWo strips 
2 g) . . 

25 Nazs (4 g), Penty14NBr 60 91 23 61 22 65 of FPl or tWo strips of FPZ that Were bonded together With 
H20 (60 mL) (1 g) adhesive covering an area of 5.1 cm><1.3 cm placed between 

the tWo strips, as reported in Table 4. Bonding of Examples 
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28—36 (resulting in respective Examples 37—45) Was 
achieved by heating the sample at 140° C. in a heated TABLE 4-continued 
hydraulic press using a pressure of approximately 1 MPa. 
The bonded samples Were tested according to the T-Peel Test T-Peel 
using a crosshead speed of 5.08 cm/minute. Peel strength 5 Treated Test, N/m 
values of at least ?ve samples Were averaged and data Was — 

6Xpf€SS€d in Example Film Adhesive FP1 FP2 

TABLE 4 1O 43 Example ADH7 2240 909 

T-Peel 34 
Treated Test Wm 44 Example ADHS 1070 209 

35 
Example Film Adhesive FP1 FP2 45 Example ADH9 736 173 

37 Example ADH1 2310 35 15 36 

38 Exazrflple ADH2 2540 1730 

39 Exazriple ADH3 NM 193 
30 Examples 46—70 and Comparative 

40 Exa3rr11ple ADH4 1890 457 20 Examples 9 and 10 

41 Example ADH5 1400 193 

42 Exjriple ADH6 1020 1070 Examples 46—70 Were conducted generally according to 
33 the procedure of Comparative Example 1, With procedural 

modi?cations and test results as reported in Table 5 (below). 

TABLE 5 

Modifying Phase 
Composition, Transfer 
Component Catalyst Temperature, Duration, Fluoro- T-Peel Testz Nfm 

Example (amount) (amount) ° C. seconds polymer P1 P2 

46 KOH (1 g), Bu4PBr 80 10 FP1 NM 2600 
N325 (4 g), (1 g) 
H20 (60 ml) 

47 KOH (1 g), Bu4PBr s0 30 FP1 NM 2600 
N325 (4 g), (1 g) 
H20 (60 ml) 

48 KOH (4 g), Bu4PBr 80. 10 FP1 NM 2300 
N925 (1-4 g), (1 g) 
H20 (60 ml) 

49 KOH (4 g), Bu4PBr 80 30 FP1 NM 2500 
N325 (1-4 g), (1 g) 
H20 (60 ml) 

50 KOH (4 g), Bu4PBr 80. 60 FP1 NM 2600 
N325 (1-4 g), (1 g) 
H20 (60 ml) 

51 KOH (3 g), Bu4PBr s0. 10 FP1 NM 2500 
N325 (0-7 g), (1 g) 
H20 (60 ml) 

52 KOH (3 g), Bu4PBr s0 5 FP1 NM >2500 
N325 (0-7 g), (1 g) 
H20 (60 ml) 

53 KOH (2 g), Bu4PBr 80 30 FP1 NM 880 
N925 (3 g), (1 g) 
HOCHZCHZOH 
(60 ml) 

54 KOH (2 g), Bu4PBr 80 60 FP1 NM 960 
N925 (3 g), (1 g) 
HOCHZCHZOH 
(60 ml) 

55 KOH (2 g), Bu4PBr 60 60 FP3 >3500 1300 
N925 (4 g), (1 g) 
H20 (60 ml) 

56 Na2S (2.1 g), Bu4PBr 60 30 FP1 >2800 700 
H20 (60 ml) (1 g) 

57 KOH (3 g), PTC1 60 120 FP1 NM 3200 
N325 (0-7 g), (1 g) 
HOCHZCHZOH 
(30 ml) 

58 KOH (3 g), PTC1 60 60 FP1 NM 3200 

Na2S (0.7 g), (0.2) 
H20 (60 ml) 



US 6,986,947 B2 

TABLE S-continued 

Modifying Phase 
Composition, Transfer 
Component Catalyst Temperature, Duration, Fluoro- T-Peel Testz Nfm 

Example (amount) (amount) ° C. seconds polymer P1 P2 

59 KOH (3 g), PTC1 60 60 FP2 NM >2500 
N325 (0.7 g), (0.2) 
H20 (60 ml) 

60 KOH (3 g), PTC1 60 60 FP1 NM 2452 
N325 (0.7 g), (0.1) 
H20 (60 ml) 

Comparative KOH (3 g), Bu4PBr 60 120 FP3 NM 100 
Example 9 H20 (60 ml) (1 g) 
61 KOH (3 g), Bu4PBr 60 120 FP3 NM 440 

N325 (0-7 g), (1 3) 
H20 (60 ml) 

62 KOH (3 g), 18-croWn-6 60 120 FP1 NM 440 
Na2S (0.7 g), ether 
H20 (60 ml) (1 g) 

63 KOH (3 g), Bu4PBr 60 120 FP1 960 840 
Nazsz (O-8 1%): (1 1%) 
H20 (60 ml) 

64 KOH (3 g), Bu4PBr 60 120 FP1 1300 860 
Nazsz (2 g): (1 1%) 
H20 (60 ml) 

65 KOH (3 g), Bu4PBr 60 120 FP4 400 20 
N325 (0-7 g), (1 3) 
H20 (60 ml) 

66 KOH (3 g), Pentyl4NCl 60 300 FP4 460 40 
N325 (0-7 g), (1 3) 
H20 (60 ml) 

Comparative none none NA NA FPS NM 0.4 
Example 10 
67 KOH (3 g), Bu4PBr 60 180 FPS NM 3.2 

N32S (2 1%), 
H20 (60 ml) 

35 ~ ~ - 

Examples 68—71 What is claimed 15: 

Examples 68—71 Were conducted generally according to 1' A method of modifying a ?uoropolyiner Comprising; 
the procedure of Comparative Example 1, With procedural Contacting the ?uoropolyiner with a modifying Composi 
modi?cations and test results as reported in Table 6 (below). tion comprising a phase transfer catalyst, a liquid 

TABLE 6 

Phase T-Peel 
Modifying Transfer Strength, 
Solution Catalyst Temperature, Time, Fluoro- N/m 

Example (amount) (amount) ° C. seconds Polymer P1 P2 

68 KOH (3 g), Bu4PBr 40 120 FP1 880 100 
H20 (60 ml) (1 g) 

69 KOH (3 g), Bu4PBr 40 300 FP1 1300 440 
H20 (60 ml) (1 g) 

70 KOH (3 g), Bu4PBr 40 120 FP1 1300 950 
N325 (0-7 g), (1 3) 
H20 
(60 ml) 

71 KOH (3 g), Bu4PBr 40 300 FP1 1400 1100 
Na2S (0.7 g), 
H20 
(60 ml) 

60 

Various unforeseeable modi?cations and alterations of Vehlcle, and at least one Of a Sul?de 0r polysul?de Salt 
this invention may be made by those skilled in the art or an amomc Conlugate acld Ofa Sul?de or polysu?de; 

Without departing from the scope and spirit of this invention, and 

and it should be understood that this invention is not to be 65 heating the modifying Composition at a temperature of at 
unduly limited to the illustrative embodiments set forth least about 40 degrees Celsius While in ContaCtWithtt1e 
herein. ?uoropolymer, Wherein the ?uoropolymer has a back 
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bone comprising subunits having the structure 
—CH2CFX—, wherein X represents H, C1, or F. 

2. A method of modifying a ?uoropolymer according to 
claim 1, Wherein the ?uoropolymer backbone further com 
prises at least one of subunits having the structure 
—CF2CF2— and subunits having the structure —CF2CF 
(CF3)—~ 

3. A method of modifying a ?uoropolymer according to 
claim 1, Wherein the ?uoropolymer backbone further com 
prises subunits having the structure —CF2CF2— and sub 
units having the structure —CF2CF(CF3)—. 

4. A method of modifying a ?uoropolymer according to 
claim 1, Wherein the subunits are monomeric units. 

5. A method of modifying a ?uoropolymer according to 
claim 1, Wherein the ?uoropolymer is prepared from mono 
mers comprising vinylidene ?uoride. 

6. Amethod according to claim 5, Wherein the monomers 
further comprise at least one of tetra?uoroethylene or 
heXa?uoropropylene. 

7. Amethod according to claim 6, Wherein the monomers 
further comprise tetra?uoroethylene and heXa?uoropropy 
lene. 

8. A method of modifying a ?uoropolymer according to 
claim 1, Wherein X is H. 

9. A method of modifying a ?uoropolymer according to 
claim 1, Wherein X is F. 

10. A method of modifying a ?uoropolymer according to 
claim 9, Wherein the ?uoropolymer backbone further com 
prises at least one of subunits having the structure 
—CF2CF2— or monomeric units having the structure 
—CF2CF(CF3)—. 

11. A method of modifying a ?uoropolymer according to 
claim 9, Wherein the ?uoropolymer backbone further com 
prises subunits having the structure —CF2CF2— and sub 
units having the structure —CF2CF(CF3)—. 

12. A method of modifying a ?uoropolymer according to 
claim 9, Wherein the subunits are monomeric units. 

13. A method of modifying a ?uoropolymer according to 
claim 9, Wherein the ?uoropolymer is prepared from mono 
mers comprising vinylidene di?uoride. 

14. A method according to claim 13, Wherein the mono 
mers further comprise at least one of tetra?uoroethylene or 
heXa?uoropropylene. 

15. A method according to claim 14, Wherein the mono 
mers further comprise tetra?uoroethylene and heXa?uoro 
propylene. 

16. A method of according to claim 1, Wherein the 
?uoropolymer comprises a ?lm. 

17. Amethod of according to claim 16, further comprising 
bonding the ?lm to a substrate. 

18. A method according to claim 17, Wherein bonding 
comprises adhesive bonding. 
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19. A method according to claim 17, Wherein bonding 

comprises heat laminating. 
20. Amethod according to claim 17, Wherein the substrate 

comprises a ?lm. 
21. Amethod according to claim 17, Wherein the substrate 

comprises at least one thermoplastic polymer. 
22. A method according to claim 21, Wherein at least one 

thermoplastic polymer comprises polyamide. 
23. A method according to claim 1, Wherein the phase 

transfer catalyst comprises a tetraalkylphosphonium or tet 
raalkylammonium salt having at least 16 carbon atoms. 

24. A method according to claim 1, Wherein the phase 
transfer catalyst comprises a tetraalklphosphonium or tet 
raalkylammonium salt having at least 20 carbon atoms. 

25. A method according to claim 1, Wherein the phase 
transfer catalyst comprises a tetraalkylphosphonium or tet 
raalkylammonium salt having at least 24 carbon atoms. 

26. A method according to claim 1, Wherein the liquid 
vehicle comprises Water. 

27. Amethod according to claim 1, Wherein the modifying 
composition is heated at a temperature of at least about 60 
degrees Celsius While in contact With the ?uoropolymer. 

28. Amethod according to claim 1, Wherein the modifying 
composition is heated at a temperature of at least about 80 
degrees Celsius While in contact With the ?uoropolymer. 

29. An article comprising a ?uoropolymer modi?ed 
according to claim 1. 

30. An article comprising a ?uoropolymer modi?ed 
according to claim 2. 

31. An article comprising a ?uoropolymer modi?ed 
according to claim 3. 

32. An article according to claim 29, Wherein the article 
comprises a composite article. 

33. An article according to claim 32, Wherein the com 
posite article comprises a ?rst substrate having a surface 
comprising the modi?ed ?uoropolymer and a second sub 
strate bonded to the surface. 

34. An article according to claim 33, Wherein the second 
substrate is bonded to the surface of the ?rst substrate by 
adhesive. 

35. An article according to claim 33, Wherein the second 
substrate contacts the surface of the ?rst substrate. 

36. An article according to claim 33, Wherein at least one 
of the ?rst or second substrates comprises a ?lm. 

37. An article according to claim 33, Wherein the second 
substrate comprises thermoplastic polymer. 

38. An article according to claim 37, Wherein the ther 
moplastic polymer comprises polyamide. 

* * * * * 
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